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(57) ABSTRACT 

A method for forming an LDNMOS (1) and LDPMOS (2) 
in a CMOS process comprises forming the LDNMOS (1) 
and LDPMOS (2) to a stage where a gate (14) is laid down 
on a gate oxide layer (12) and a locos (9) is formed over the 
respective N and P-wells (4) and (5) of the LDNMOS (1) 
and LDPMOS (2). AP-body (15) is formed in the N-weli (4) 
of the LDNMOS (1) by implanting a boron dopant in two 
stages, in the first stage at a first tilt angle (0) of 45° for 
forming the P-body (15) beneath the gate (14) for determin- 
ing the source/drain threshold voltage, and subsequently at 
a second tilt angle ($) of 7° for extending the P-body (15) 
downwardly at (25) for detennining the punchthrough 
breakdown voltage of the LDNMOS (1). The formation of 
an N-body (16) in a P-well (5) of the LDPMOS (2) is similar 
to the formation of the P-body (15) with the exception that 
the dopant is a phosphorous dopant 

15 Claims, 4 Drawing Sheets 
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METHOD FOR FORMING A DMOS DEVICE 
AND A DMOS DEVICE 



FIELD OF THE INVENTION 

The present invention relates to a method for forming a 
DMOS device, and in particular, to a method for forming a 
body region in a drain region of the DMOS device appro- 
priately aligned in the DMOS device. The invention also 
relates to a DMOS device. 
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BACKGROUND TO THE INVENTION 
Power integrated circuits in many cases require a combi- 
o I iu» nation of ktend DM °S (LDMOS) devices and CMOS 15 
> C^^H^^ deVic6S ^ WeU ^ bi P° lar CMOS {SiCMOS) devices on the & 
— 1 --'same chip. Indeed, there are many other types of integrated 

circuits where it is desirable to provide a combination of 
DMOS and CMOS and/or BiCMOS devices on the same 
chip. From here on the term "CMOS process" is intended to 
cover both CMOS and BiCMOS processes. However, 
known processes for forming DMOS devices are different to 
known processes for forming CMOS devices, and thus, in 
general, where it is desired to produce a wafer comprising 
chips having combinations of DMOS and CMOS devices, 
the wafer must be subjected to both CMOS and DMOS 
forming processes. This adds considerably to both the pro- 
duction time and cost of producing such chips with combi- 
nations of CMOS and DMOS devices. In the manufacture of 
DMOS devices, and in particular, LDMOS devices it is 
essential that a body region which is to be formed in the 
drain region of the LDMOS device should extend partly 
beneath the gate of the device, and fiirthermore, should 
)C V^eappropriately aligned with the gate of LDMOS device, 34 
In a paper entitled "LDMOSi implementation by Large 
pc TUt Implant in 0.6 /an BCD5 Process, Flash Memory 
Compatible" read at the International Symposium of Power 
Semiconductor Devices, May 1996, and published with the 
proceedings of the Symposium, Contiero, et al of SGS- 
Thompson Microelectronics disclose a method for integrat- 
ing a self-aligned lateral DNMOS (LDNMOS) device into a 
bipolar CMOS, DMOS process. In this process the LDN- 
MOS device is fabricated up to and including the gate using 
a CMOS process* The P-body region is then formed beneath 
the gate by implanting an appropriate dopant into the drain 
region at an angle to the surface of the drain region using an 
edge of the gate to form part of the mask on the drain region 
which defines the area of the surface of the drain region 
through which the dopant is to be implanted. The dopant is 
directed in a direction towards the drain region and the edge 
of the gate for implanting the dopant partly under the gate. 
In other words, the dopant is implanted using a single large 
angle of tilt from a perpendicular axis extending from , the 
general plane of a wafer on which the device is being 
formed. Subsequent to implanting the dopant is diffused into 
a portion of the drain region for forming the P-body using a 
suitable CMOS diffusion process. Contiero, et al disclose 
three possible tilt angles, namely, 30°, 40° and 60°, from 
which the single Ult angle may be selected. A 45° dopant 
implant alt angle appears from the paper of Contiero, et al 
to be the op timum . 

While in the method of Contiero, et al the P-body extends 
beneath the gate, and is appropriately aligned therewith, the 
LDNMOS of Contiero, et al suffers from a number of 
disadvantages. In particular, it is difficult using the method 
of Contiero, et al to determine the breakdown voltage from 
. source to drain in a lateral or a vertical direction due to 
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punchthrpugh independently of the drain/source threshold 
voltage in the LDMOS for a particular well doping 
concentration, and vice versa. In order to achieve a desirably 
low drain/source threshold voltage the dose and energy level 
of the dopant required are such as to* result in a relatively low 
punchthrough breakdown voltage, while on the other hand if 
the dopant dosage and energy level is set to achieve a 
relatively high punchthrough breakdown voltage the drain/ 
source threshold voltage is undesirably high. Similarly it is 
difficult using the method of Contiero, et al to detennine the 
avalanche breakdown voltage independently of the drain/ 
source threshold voltage in the LDMOS. Thus, while the 
method proposed by Contiero, et al provides for the forming 
of an LDNMOS device using a CMOS process, the LDN- 
MOS device, in general, is unsuitable for most applications. 

There is therefore a need for a method for producing a 
DMOS device which overcomes these problems, and in 
particular, a method for forming such a DMOS device using 
a CMOS process. 

The present invention is directed towards providing such 
a method and a DMOS device. 

SUMMARY OF THE INVENTION 

According to the invention there is provided a method for 
forming a body region in a drain region of a DMOS device 
on a wafer after the gate has been formed with the body 
region extending partly beneath a gate of the DMOS device 
and appropriately aligned with the gate, the drain region 
denning a surface plane, the method comprising the steps of: 

(a) implanting a suitable dopant in a portion of the drain 
region adjacent the gate for forming the body region to 
have a desired drain/source threshold voltage, and 

(b) implanting a suitable dopant in the said portion of the 
drain region adjacent the gate for forming the body 
region to have a desired breakdown voltage through the 
drain region, 

steps (a) and (b) being performed in any order, and the 
dopant being implanted in step (a) by directing the dopant at 
a first angle to the surface plane of the drain region for 
directing at least some of the dopant beneath the gate, the 
first angle to the surface plane at which the dopant is directed 
in step (a) being less than a second angle to the surface plane 
at which the dopant is directed in step (b). 

Preferably, the dopant is directed at the first angle towards 
the surface plane in step (a) in a general source/drain 
direction. Advantageously, the dopant is directed at the 
second angle towards the surface plane in step (b) in a 
general source/drain direction. 

In one embodiment of the invention the first angle to the 
surface plane of the drain region at which the dopant is 
directed in step (a) lies in the range of 30° to 60°. Preferably, 
the first angle to the surface plane of the drain region at 
which the dopant is directed in step (a) lies in the range of 
40° to 50°. Advantageously, the first angle to the surface 
plane of the drain region at which the dopant is directed in 
step (a) is approximately 45°. 

In another embodiment of the invention the second angle 
to the surface plane of the drain region at which the dopant 
is directed in step (b) lies in the range of 70° to 90°. 
Preferably, the second angle to the surface plane of the drain 
region at which the dopant is directed in step (b) lies in the 
range of 78° to 88°. Advantageously, the second angle to the 
surface plane of the drain region at winch the dopant is 
directed in step (b) is approximately 83°. 

In one embodiment of the invention the dopant is 
implanted in the drain region in each of steps (a) and (b) 
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using an edge of the gate adjacent the source as part of a 
mask for defining a portion of the surface of the drain region 
through which the dopant is to be implanted. The dopant 
implanted in each of steps (a) and (b) may be the same or 
different, and the dopant implanted in each of steps (a) and 
(b) may be implanted at the same or different dose and/or 
energy levels. 

In one embodiment of the invention the dopant implanted 
in the drain region in each of steps (a) and (b) is diffused by 
a dopant diffusion process for forming the body region. 
Alternatively, the dopant implanted in the drain region in 
each of the steps (a) and (b) is diffused in the drain region 
before the dopant of the next of the steps (a) and (b) is 
implanted. 

In one embodiment of the invention step (a) is carried out 
before step (b). 

In another embodiment of the invention the drain region 
is formed by an N-well, and the body region is formed as a 
P-body, and the dopant of each of steps (a) and (b) is boron. 

In a further embodiment of the invention the drain region 
is formed by a P-well, and the body region is an N-body, and 
the dopant of each of steps (a) and (b) is phosphorous. 

Ideally, the dose and energy levels of the dopant 
implanted in each of steps (a) and (b) are sufficient for 
providing the desired drain/source threshold voltage and the 
breakdown voltage through the drain region. 

In one embodiment of the invention the breakdown volt- 
age exceeds the drain/source threshold voltage. 

In one embodiment of the invention the method for 
forming the body region in the drain region of the DMGS 
device is a CMOS process, and in general, a CMOS device 
is formed on the wafer by the CMOS process. In another 
embodiment of the invention the method for forming the 
body region in the drain region of the DMOS device is a 
BiCMOS process, and in general, a BiCMOS device is 
formed on the wafer by the BiCMOS process. 

In one embodiment of the invention the DMOS device is 
an LDMOS device, and may be an LDPMOS and/or an 
LDNMOS. Additionally, the DMOS may be a vertical 
DMOS. 

Additionally, the invention provides a DMOS device 
comprising a drain region defining a surface plane, a gate 
located on the drain region, and a body region formed in the 
drain region and extending partly beneath the gate and 
appropriately aligned therewith, the body region being 
formed after the gate region has been formed by: 

(a) implanting a suitable dopant in a portion of the drain 
region adjacent the gate for forming the body region to 
have a desired drain/source threshold voltage, and 

(b) implanting a suitable dopant in the said portion of the 
drain region adjacent the gate for forming the body region 
to have a desired breakdown voltage through the drain 
region, 

steps (a) and (b) being performed in any order, and the 
dopant being implanted in step (a) by directing the dopant at 
a first angle to the surface plane of the drain region for 
directing at least some of the dopant beneath the gate, the 
first angle to the surface plane at which the dopant is directed 
in step (a) being less than a second angle to the surface plane 
at which the dopant is directed in step (b). 

In one embodiment of the jnvention the DMOS device is 
an LDMOS device, and may be an LDNMOS device or a 
LDPMOS device. Additionally, the DMOS may be a vertical 
DMOS. 

Further the invention provides an integrated circuit chip 
comprising a DMOS device according to the invention, and 
the integrated circuit chip may also comprise a CMOS 
device or a BiCMOS device. 



ADVANTAGES OF THE INVENTION 

The advantages of the invention are many. A particularly 
important advantage of the invention is that it permits 
5 LDNMOS and LDPMOS devices to be formed using a 
(p conventional CMOS or SiCMOS process, and thus, LDN- 
MOS arid LDPMOS devices may be formed simultaneously 
with the formation of CMOS and/or BiCMOS devices. In 
particular, by adapting the CMOS process according to the 
invention the drain/source threshold voltage of the respec- 
tive LDNMOS and LDPMOS devices can be determined 
independently of the punchthrough breakdown voltage of 
the devices, and indeed, independently of the avalanche 
breakdown voltage. The method according to the invention 
may be used for forming vertical DMOS devices with 
similar advantages. Thus, the invention overcomes the prob- 
lems of forming LDNMOS and LDPMOS devices using 
CMOS processes known heretofore. 

The invention will be more clearly understood from the 
following description of a preferred embodiment thereof 
which is given by way of example only with reference to the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a transverse cross-sectional elevational view, of 
an LDNMOS and an LDPMOS according to the invention 
formed on a silicon substrate by a CMOS process using a 
method according to the invention, 

FIG. 2 is a transverse cross-sectional elevational view of 
the LDNMOS and the LDPMOS of FIG. 1 in the process of 
being formed, 

FIG. 3 is a view similar to FIG. 2 of the LDNMOS and 
the LDPMOS at the next stage of their formation after that 
of FIG. 2. 

FIG. 4 is a view similar to FIG. 2 of the LDNMOS and 
the LDPMOS at the next stage of their formation after that 
of FIG. 3. 

FIG. 5 is a view similar to FIG. 2 of the LDNMOS and 
the LDPMOS at the next stage of their formation after that 
of FIG. 4, 

FIG. 6 is a view similar to FIG. 2 of the LDNMOS and 
the LDPMOS at the next stage of their formation after that 
of FIG. 5, 

FIG. 7 is a view similar to FIG. 2 of the LDNMOS and 
the LDPMOS at the next stage of their formation after that 
of FIG. 6, and 

FIGS. 8(a) and (b) are transverse cross-sectional eleva- 
tional views of a detail of the LDNMOS and the LDPMOS 
at two stages of their formation. 

DETAILED DESCRIPTION OF THE 
INVENTION 



Referring to the drawings there is illustrated an LDNMOS 
indicated generally by the reference numeral 1 and an 
LDPMOS indicated generally by the reference numeral 2 
both according to the invention, and both formed on a silicon 
substrate, in this embodiment of the invention a P-substrate 
3 by a CMOS process using a method according to the 
(e i invention. An N-well 4 for the LDNMOS 1 and a^P-weU 5 
for the LDPMOS 2 are formed in an epitaxial layer 6 using 
a conventional CMOS process which will be well known to 
those skilled in the art. An oxide layer for forming a locos 
9 of each LDNMOS 1 and LDPMOS 2 is laid down over the 
N-well 4 and the P-well 5 and appropriately etched to form 
the respective locos 9. The oxide layer which forms the locos 
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t^f^lt^ 1 ^^^^^ areas through LDPMOS 2 using a similar method as is used for forming 
22^?^ ^planted m the N-well 4 and P-well 5 for the P-body 15, with the exception that the dopant isXf- 
~^JiJ** 7 VC& °Z ^i/**^ N ^ dy *&° n 16 > P ho ^ns. The phosphorous dopant is initially LplarJed in 

12 nm is laid down on the respective N and P-weuT/and Tf thf T nPMO^^^^^ teeshold voltage Q 
5, and respective gates 14 of the LDNMOS 1 and the f ? ° # ^ P !?°« ^T*! ? hos P ho ^ t do P^ * &en 
LOPMOS 2 are formed over a part of the gate oxtolayer ~* 2* ^ A ™£* ^ W f * * ^ s^nd angje 6 of 83*using 
12 and over a part of the locos 9. Up to here the formation , f? gle ♦ of T for determining the breakdown 

of the LDNMOS 1 and LDPMOS 2 is carried out using a 7° ge N-body 16. As in the case of implanting th6 
conventional CMOS process M0 v oron dopant in the N-well 4 for fonning the P-body 15, the 

The P-body and N-body regions 15 and 16, respectively f p6, ^. d ^? V 1 ^ ^ which 

are next formed in the Newell 4 and the P^eU 5 P hos P^us dopant is implanted at the respective first and 
X respectively, beneath the gates 14 by Implanting appropriate^ k ^ «6*» ° f d * ^ ^ /miilar or different, and 

dopants using the memod accord^ be d *? n "?^ ^ ^f^^T** 

will now be described. The mask 10 forms three sideTof 15 ^^^0^ V^chthxo^ breakdown voltage of 

respective areas of the gate oxide layers 12 and in turn the *Tl 

surface of the N-well 4 and the P-well 5 through which the . J ^ ter * e b° ron phosphorous dopants have been 
dopants are to be implanted into the N-well 4 and the P-well ™pl*nted in the N-well 4 and the P-well 5, respectively, at 
5 to form the P-body and the N-body regions 15 and 16 x ^ 6151 ^ sccond angles 8 and <J> tfje dopants are 
respectively. An edge 18 of the corresponding gate 14 forms 20 s ^ nu ^ taneous ly diffused using a conventional CMOS poly- 
the fourth side of each mask The edge 18 is that edge of the cide anneal step. 

gate 14 which is adjacent corresponding source contact The N++ source contact region 20 and an N++ drain 
regions 20 and 21 of the respective LDNMOS 1 and contact region 27 are next formed in the P-body 15 and in 
LDPMOS 2 which are subsequently formed. 25 ^ N""*^ A respectively, by implanting dopants Nldd and 

The P-bpdy 15 is formed by hriplanting the dopant, into ^ p -*x>dy 15 through the gate oxide layer 12,and 

namely, boron in the N-well 4 in two steps. In the first step directiy into the N-well 4 by the CMOS process. The P++ 
>C the dopant is directed Into the N-well 4 in the direction of the source contact region 21 and a P++ drain contact region 28 
arrows A, see FIG. §(5), at a first angle a to the surface of m formed in the N-body 16 and the P-weil 5, respectivery, 
the gate oxide layer 12 for forming a portion 24 of the 30 b ? implanting dopants Pldd and PSD in the N-body 16 and 
P-body 15 beneath the gate 14 and for determining the ^ p * weil 5 > respectively. After the Nldd dopants and the 
drain/source threshold voltage, see also FIG. 3. In the second P *dd dopants have been implanted the wafer is subjected to 
step the dopant is directed at the N-well in the direction of a CMOS 1116111131 *P r driving the dopants into the 

the arrows B, see FIG. 8(£), at a second angle (5 for respective P and N-bodys 15 and 16 and the N and P-wells 
extending me P-body 15 downwardly at 25 for determining 3S j ^ 5 ' The NSD ^d PSD implants are subsequently driven 
the breakdown voltage due to punchthrough through the b y a further CMOS thermal cycle. The formation of N++ 
P-bpdy 15, see also FIG. 4. In this embodiment of the **** p++ regions will be well known to those skilled in the 
invention the first angle a is 45° and* the second angje p is art 

83°. This is achieved by selecting the tilt angle at which the Thereafter, the process for forming the LDNMOS 1 and 
dopant is directed towards the surface of the gate oxide layer 40 the LDPMOS 2 continues using the conventional CMOS 
12 in the CMOS process. The tilt angle is measured relative process, and the remaining process steps will thus be well 
to an axis 26 extending perpendicularly to the general plane known to those skilled in the art. 

denned by the wafer. The dopant is directed at the first angle Although described for forming LDMOS devices, the 
a by setting the tilt angle of implant at a first tilt angle P of 4 1 / method according to the invention may also be used for 
45° rxom the perpendicular axis 26. The dopant is implanted 45 Running vertical DMOS devices. It will of course be appre- 
l at the second angLeJTby setting the tilt angle of implant at ^(p ciated that although not described, CMOS devices may also 

a second nit angle $ of 7° from the perpendicular axis 26. ^7 be formed on the water either simultaneously or sequentially LJ PG R- 

The direction at which the dopant is implanted at the first with the fonnatiorTof the LDMOS devices. While the 

and second tilt angles 8 and $ is selected so that the dopant ^LOMOS devices have been described as being formed using L-X>H <£> 

is directed towards the surface of the gate oxide layer 12 and 50 a CMOS process, it will of course be appreciated that tie 

towards the edge 18 of the gate 14 in a general source/drain LDMOS devices may be formed using a BiCMOS process, 

direction. * in which case, bipolar CMOS devices may also be formed 

The dose level of dopant implanted at the first and second simultaneously or sequentially with the DMOS devices, 
tilt angles 8 and <j> may be similar or different, and the energy While in the embodiment of the invention described the 
at which the dopant is implanted at the first and second tilt 55 j^body region has been described as being implanted before s^£> 
angles 8 and <^ may also be similar or d^rent The dose t^APS 
energy at which the dopant is implanted at the first ult angje ^ j^body regions may be formed in any order. 
8 is cfeteimined by the desired drain/source threshold voltage ~~ What is claimed is: 

of the LDNMOS 1, and the dose and energy at winch the 1. A method for forming a body region in a drain region - 
dopant is implanted at the second alt angle <j> is determined 6 o of a DMOS device on a wafer after a gate has been formed 
by the desired breakdown voltage of the P-body 15. The with the body region extending partly beneath the gate of the 
selection of the appropriate dose and energy levels at which DMOS device and appropriately aligned with the gate, the 
the dopant is to be implanted at the first and second tut drain region defining a surface plane, the method comprising 
angles 8 and <j> will be known to those skilled in the art the steps of: 

After the dopant has been implanted to form the P-body 65 (a) implanting a suitable dopant in a portion of the drain 
15 the N-body 16 is then formed in the P-well 5 of the region adjacent the gate for forming the body region to 

LDPMOS 2. The N-body 16 is formed in the P-well 5 of the have a desired drain/source threshold voltage, and 
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(b) implanting a suitable dopant in the said portion of the 
drain region adjacent the gate for forming the body 
region to have a desired breakdown voltage through the 
drain region, 

steps (a) and (b) being performed in any order, and the 
dopant being implanted in step (a) by directing the dopant at 
a first angle to the surface plane of the drain region for 
directing at least some of the dopant beneath the gate, the 
first angle to the surface plane at which the dopant is directed 
in step (a) being less than a second angle to the surface plane 
at which the dopant is directed in step (b). 

2. A method as claimed in claim 1 in which the dopant is 
directed at the first angle towards the surface plane in step 

(a) in a general source/drain direction. 

3. A method as claimed in claim 1 in which the dopant is 
directed at the second angle towards the surface plane in step 

(b) in a general source/drain direction. 

4. A method as claimed in claim 1 in which the first angle 
to the surface plane of the drain region at which the dopant 
is directed in step (a>lies in the range of 30° to 60°. 

5. A method as claimed in claim 4 in which the first angle 
to the surface plane of the drain region at which the dopant 
is directed in step (a) is approximately 45°. 

6. A method as claimed in claim 1 in which the second 
angle to the surface plane of the drain, region at which the 
dopant is directed in step (b) lies in the range of 70° to 90°. 

7. A method as claimed in claim 6 In which the secbndXl 
angle to the surface plane of the drairTregion at which the 
dopant is directed in step (b) is approximately 83°. 

8. A method as claimed in claim 1 in which the dopant is 
implanted in the drain region in each of steps (a) and (b) 
using an edge of the gate adjacent the source as part of a 
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mask for defining a portion of the surface of the drain region 
through which the dopant is to be implanted. 

9. A method as claimed in claim 1 in which the dopant 
4 implanted in each ofjlCsteps (a) and (b) may be the same or 

5 different, and the dopant implanted in each of steps (a) and 
(b) may be implanted at the same or different dose and/or 
energy levels. 

10. A method as claimed in claim 1 in which the dopant 
implanted in the drain region in each of steps (a) and (b) is 
diffused by a dopant diffusion process for fa rming the body 
region. 

11. A method as claimed in claim 1 in which the drain 
region is formed by an N-well, and the body region is 
formed as a P-body, and the dopant of each of steps (a) and 
(b) is boron. 

12. A method as claimed in claim 1 in which the drain 
region is formed by a P-well, and the body region is an 
N-body, and the dopant of each of steps (a) and (b) is 
phosphorous;. 

13. A method as claimed in claim 1 in which the dose and 
energy levels of the dopant implanted in each of steps (a) and 
(b) are sufficient for providing the desired drain/source 
threshold voltage and the desired breakdown voltage 
through the drain region. 

14. A method as claimed in claim 1 in which the method 
for forming the body region in the drain region of the DMOS 
device is a CMOS process. 

15. A method as claimed in claim 1 in which the DMOS 
30 device is an LDMOS device. 
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